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A  COMPARISON  OF  THE  AC  BREAKDOWN  STRENGTH  OF  NEW  AND 
USED  POLY-a  OLEFIN  OIL  TO  TRANSFORMER  OIL 


C.  Yeckely  R.  D.  Curry,  and  P.  Norgard 

University  of  Missouri  -  Columbia 
Department  of  Computer  and  Electrical  Engineering 


Abstract 

The  breakdown  performance  of  an  advanced  synthetic 
dielectric  coolant,  poly- or  olefin,  is  compared  to 
conventional  transformer  oil  over  a  range  of  temperatures 
from  10  to  50  °C.  The  poly-aolefin  oil  is  first 
benchmarked  against  conventional  transformer  oil,  and 
then  compared  to  poly- or  olefin  oil  that  has  been  exposed 
to  a  large  number  of  high-energy  discharges  in  order  to 
establish  the  effects  of  oil  age  on  performance.  The 
results  obtained  from  the  standard  ANSI  D877  testing 
procedure  are  then  compared  to  the  results  of  a  modified 
test  procedure. 

I.lNTRODUCTION 

The  high-pressure  switch  program  at  the  University  of 
Missouri  -  Columbia  is  presently  utilizing  synthetic 
dielectric  oil  as  the  switching  m^ium  [1],  The  oil  is 
poly-aolefin,  or  PAO,  and  is  relatively  unknown  to  the 
Pulsed  Power  industry.  The  PAO  is  a  highly  branched, 
compact,  and  very  stable  synthetic  hydrocarbon  that  is 
recommended  for  use  as  a  dielectric  cooling  fluid  for 
aircraft  avionics  systems,  high-powered  transmitter 
equipment,  power  supplies,  and  ordinance  systems.  The 
temperature  of  the  PAO  utilized  in  the  high-pressure 
switch  program  routinely  experiences  thermal 
fluctuations  while  tests  are  being  performed.  The  effects 
of  the  thermal  fluctuations  of  PAO  on  the  breakdown 
performance  are  currently  not  known  within  the 
literature.  This  paper  reports  on  tests  performed  to 
address  the  question  of  how  temperature  impacts 
breakdown  performance  of  PAO,  how  that  performance 
compares  to  conventional  transformer  oil,  and  how  a 
slight  modification  in  oil  conditioning  may  improve 
breakdown  results. 

Liquid  dielectric  breakdown  is  related  to  fluid 
viscosity,  which  is  in  turn  related  to  the  fluid  temperature 
for  most  useful  dielectric  liquids.  Viscosity  is  the 
property  of  a  fluid  that  allows  momentum  in  one  plane  to 
be  transferred  to  a  different  plane  [2].  In  the  case  of  the 
two  dielectric  oils  under  study,  transformer  oil  and  PAO, 
the  viscosity  of  the  oil  increases  as  the  temperature  of  the 
oil  decreases.  Figure  1  summarizes  the  change  in 
viscosity  for  both  oils  over  a  large  range  of 
temperatures[3,4].  Both  oils  have  a  knee  at  which  the 
viscosity  dependence  on  temperature  saturates. 


Figure  1.  Temperature  versus  viscosity  for  oils  tested 

Liquid  breakdown  under  the  application  of  a  long 
duration  voltage  pulse  is  believed  to  be  the  result  of  the 
formation  of,  and  subsequent  breakdown  of  a  gaseous 
bubble  [5].  Forces  generated  under  the  application  of  an 
electric  field  act  along  die  lines  of  the  electric  field, 
according  to  the  Lorentz  force  equation.  In  a  highly 
viscous  fluid  the  motion  that  results  from  the  Lorentz 
force  can  be  transmitted  perpendicularly,  resulting  in  the 
establishment  of  a  low  density  region  along  the  lines  of 
constant  electric  field.  In  highly  viscous  fluids  the  ability 
of  the  fluid  to  flow  into  this  region  of  low  density  is 
impeded  and  under  the  right  conditions  a  bubble  can  form 
[6].  Fluid  viscosity,  when  it  is  large,  is  therefore  seen  as 
an  important  parameter  in  defining  breakdown. 

ILOIL  TEST  PROCEDURE 

A,  Test  Stand 

All  testing  was  performed  with  the  0C60D-A  Hubbell 
Hipotronics  High  Voltage  Tester  shown  in  figure  2.  The 
tester  is  capable  of  applying  a  3kV/s  voltage  rise  across 
an  electrode  gap  at  60Hz  AC.  The  cathode  and  anode  are 
1  in.  diameter  flat  electrodes  with  0.1  in.  gap  spacing.  All 
voltages  reported  by  the  tester  are  RMS  values. 
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A.  DeUa  Presentation 


Figure  2.  This  picture  is  a  top-view  of  H. V,  Tester. 


B.  Oil  Breakdown  Tests 

Data  was  generated  by  utilizing  two  oil  conditioning 
methods.  The  second  oil  conditioning  method  deviates 
slightly  from  the  first  method  and  was  implemented  to 
allow  for  comparison  between  two  oil  conditioning 
procedures. 

1)  First  Test  Method 

Oils  marked  for  the  first  test  method  were  filtered 
dirough  a  1  um  filter  and  degassed  in  a  vacuum  chamber 
at  40°C.  The  oil  was  then  equilibrated  at  temperatures  of 
20,  25,  30,  35,  and  40°C  in  an  oven.  Two  tests  of  five 
shots  each  were  then  performed  on  each  oil  sample  at 
each  temperature  for  a  total  of  150  shots.  The  sample 
was  replaced  after  every  five  shots. 

2)  Second  Test  Method 

Oils  marked  for  the  second  test  method  were  filtered 
through  a  0.45  um  filter.  The  sample  was  then  rigorously 
bubbled  with  dry  nitrogen  for  10  minutes  before  being 
degassed  in  a  vacuum  chamber  at  40°C.  Each  oil  sample 
was  then  equilibrated  at  temperatures  of  10,  20,  30, 40, 
and  50°C  in  an  oven.  One  test  of  five  shots  each  was 
then  performed  on  each  oil  at  each  temperature  for  a  total 
of  75  shots.  The  oil  sample  was  replaced  after  every  shot. 

in.RESULTS  AND  ANALYSIS 

Data  obtained  from  these  testing  procedures  is 
presented  in  figures  3, 4,  5,  and  6.  Figures  3, 4,  and  5 
present  data  from  the  first  test  method  while  figure  6 
presents  data  from  the  second  test  method. 
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Figure  3.  Filtered  Diala  AX,  breakdown  data  -  “first  test 
method.” 


Figure  4.  Filtered  new  PAO,  breakdown  data  -  “first  test 
method.” 
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Figure  S.  Filtered  used  PAO,  breakdown  data  -  “first  test 
method.” 
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Figure  6.  Filtered  new  PAO  breakdown  data  -  “second 
test  method.*' 

B.  Statistical  Analysis 

A  Student-Newman-Keuls  statistical  test  was 
performed  on  the  data  obtained  from  the  standard  test 
method.  An  SNK  test  compares  the  means  obtained  from 
the  data  and  is  able  to  determine  interactions  between  test 
variables.  The  test  determined  the  interactions  between 
the  variables  of  three  oils  sampled. 

IV.DATA  DISCUSSION 

Several  interactions  are  observed  from  the  data. 
Observational  analysis  can  be  performed  by  comparing 
the  mean  voltage  breakdown  of  each  case.  The  mean 
breakdown  of  the  Diala  AX  data  deviates  significantly 
less  than  the  mean  breakdown  of  the  PAO  at  all 
temperatures.  The  mean  breakdown  of  the  PAO  is 
observed  to  deviate  with  changing  temperature.  The 
SNK  test  results  support  this  observational  analysis. 
Results  from  the  SNK  test  show  that  there  is  a  strong 
interaction  between  temperature  and  oil  in  the  case  of  the 
PAO  and  a  weak  interaction  in  the  case  of  the  Diala  AX. 

It  can  also  be  observed  that  the  PAO  exhibits  a  smaller 
range  and  variance  in  almost  all  temperature  cases  than 
the  Diala  AX.  That  is,  the  PAO  broke  down  at  more 
consistent  values. 

The  breakdown  voltages  of  the  new  PAO  obtained 
from  the  first  and  second  test  methods  are  also  compared. 
Both  test  methods  show  the  same  voltage  breakdown 
trend.  However,  the  new  PAO  subjected  to  the  second 
test  method  displays  a  much  tighter  range  and  variance. 

V.CONCLUSION 

From  the  data  discussion  it  was  determined  that  the 
mean  breakdowns  of  PAO  depends  much  more  on 
temperature  that  the  mean  voltage  breakdowns  of  Diala 
AX.  This  interaction  may  be  due  to  the  viscosities  of 
PAO  and  Diala  AX.  At  room  temperatures,  Diala  AX 
has  twice  the  viscosity  of  PAO.  The  lower  viscosity  of 
the  PAO  may  allow  bubbles  to  form  with  less  difficulty, 
thus  forming  greater  temperature  dependence  at  the 


temperatures  tested.  However,  the  mechanism  of  ‘ 
bre^down  must  be  investigated  further. 

The  influence  ofoharge  formation  on  oil  viscosity  has 
been  analyzed  by  Dikarev  et  al.  It  was  determned  that 
the  application  of  electric  fields  on  transformer  oil 
increases  the  viscosity  of  that  oil.  At  30  KV  the 
transformer  oil  marked  a  30%  increase  in  viscosity  [7]. 
The  oil  temperature  has  an  inverse  affect  on  oil  viscosity. 
This  viscosity  factor  may  impact  on  the  physics  of  bubble 
formation,  charge  injection,  and  electrode  erosion.  The 
increase  in  viscosity  may  cause  unexpected  pressure 
fluctuations  in  flowing  oil  systems. 

In  addition  to  the  first  test  method,  a  second  test 
method  was  also  implemented  in  the  case  of  new  PAO. 
The  second  test  method  incorporates  dry  nitrogen 
sparging  through  the  oil  in  an  attempt  to  further  condition 
the  oil  by  eliminating  all  traces  of  water.  It  is  apparent 
from  the  data  that  the  bubbling  of  any  nitrogen  improved 
the  voltage  breakdown  range  and  variance  when  applied 
to  new  PAO.  Thus  water  contamination  may  also  play  an 
important  part  in.  the  large  deviation  of  the  voltage 
breakdown. 

The  similarity  in  breakdown  trends  between  the  first 
and  second  testing  method  verifies  the  assumption  that 
there  is  a  strong  interactipn  between  temperature  and  oil 
in  the  case  of  new  PAO.  To  what  extent  replacing  the 
sample  after  every  shot  instead  of  after  every  five  shots 
influenced  the  data,  however,  is  unknown  at  this  time. 
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